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USEFUL ADAPTIVE EFFECT
AS A PHYSIOLOGICAL PROCESS IN FUNCTIONAL
SYSTEMS OF THE ORGANISM
ABSTRACT: In the present work physiological principles and processes have been
considered with respect to the theory of functional systems developed by Academician P.
K. Anokhin. The elaboration of these principles, as well as the results of previous experi-
ments, allowed us to propose a new notion of useful adaptive result. The adaptive effect is
considered as a physiological process in the central nervous system, which results from re-
verse afferentation concerning the characteristic of an external object to neurons in the re-
sult-accepting apparatus. New notions of the useful effect (regulation of blood pressure, fee-
ding behavior and human social activity) were evidenced by logical and experimental data.
We reviewed the neurophysiological processes that accompany goal-directed activity of ani-
mals and underlie the formation of useful adaptive result in the system.
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Recent experiments performed in our laboratory as well as the logical
principles of the theory of functional systems allowed us to propose a new no-
tion of useful adaptive result. This notion arose from manuscripts of P. K.
Anokhin: “The result (as a system-forming factor) may be considered as a
physiological process, which is developed upon the influence of a complex of
reverse afferent pulses as the result of action and comparison of the result with
a general purpose of this action" [2].
The principle of self-regulation is a general principle of the theory of fun-
ctional systems (TFS) and classic physiology. The scheme of self-regulation
objectivizes any systemic activity of the organism (from regulation of homeo-
static function to human social activity) [10]. Figure 1 represents 3 levels of
self-regulation in humans: blood pressure (BP), feeding behavior and social
activity. These schemes include 2 units. According to TFS, one of these units
is the adaptive result: a) blood volume that determines the pressure in the aor-
ta; b) food from the external environment; and c) a videocassette containing a
video film.
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Fig. 1 — A scheme of self-regulating functional systems of the homeostatic, bio-social
and social levels of the human organismUnit 1: external objects (relative to functional systems), results of action
of this system. Unit 2: interaction between reverse afferentation concerning the
characteristic of an external object and apparatus in the central nervous system
(acceptor of the action result, AAR), which predicts and evaluates the perfor-
mance of a specified action program and parameters of a required external ob-
ject satisfying the basic motivation.
The TFS postulates that this interaction may lead to an agreement or a
discrepancy in AAR. It results in the appearance of a positive or negative
emotion, respectively. The following two questions arise. First: is the result (as
a system-forming factor) localized within or outside the system? Second: once
the emotions are formed during evaluation of the end adaptive result, does the
interaction in AAR serve as a result?
To answer these questions, it is necessary to remember the TFS. P. K.
Anokhin believed that “a researcher investigating behavioral activity of ani-
mals and humans primarily focuses on this activity, but not on the results of
activity". This study was performed within the framework of a reflex theory.
P. K. Anokhin proposed to evaluate not only activity, but also the results of
behavioral activity (i.e., following events in the external environment). Modern
notions of the functional system and system-forming factor are based on these
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Fig. 2 — A logical scheme of goal-direction behaviorlogical principles and results of studying the mechanisms for compensation of
impaired functions [2].
In the present work we attempted to elaborate the logical principles P. K.
Anokhin applied in the study of behavioral activity. Attention was paid to pro-
cesses in the external environment and the resulting events in the system. The
TFS postulates that the organism with dominant motivation and specific goal
(acceptor of the action result, AAR) aims to interact with the results of activity
and evaluate them by means of AAR. This procedure allows us to evaluate
whether the results of activity satisfy the basic motivation. The evaluation is a
physiological process which determines the organism's emotional state (Figure 2).
An important determination of the result is that “the end adaptive effect
serves as a central component in the functional system of any level of organi-
zation" [2]. This definition of the adaptive result (“effect" in the system) is ad-
ditional logical evidence that during the evaluation of BP, food, movie, etc.,
the useful adaptive effect should be considered as a physiological process in
the system.
A possible place of the emotional mechanism for evaluation of the result
in the architectonics of the functional system remains unclear. P. K. Anokhin
wrote that this mechanism evolved in nature as a set of neurophysiological,
neurochemical, and molecular processes. They form an emotional state to eva-
luate the utility of “effects" in the system. We shall attempt to introduce this
mechanism into the scheme of the functional system.
Another theoretical background to characterize the useful adaptive result
is the principle of advanced reflection of reality. It is realized via the mecha-
nisms of motivation and genetic and acquired memory in the central nervous
system. These mechanisms form a special apparatus to evaluate activity of
functional systems. Moreover, they form a physiological basis to adjust acti-
vity and achieve the end adaptive effect.
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Fig. 3 — A new scheme of functional systems of goal-directed behavior. The useful adaptive
result as a physiological effect or the process of relationship between parameters of result
and acceptor of the action result.We believe that this physiological basis includes an actual interaction
between the nervous apparatus in CNS and reverse afferentation concerning
the performance of a specified action program as well as changes in the
external environment (“results" of action).
Thus, the “effect" results from an interaction between central neurons
with reverse afferentation concerning the characteristic of an external object or
event (Figure 3). Our assumptions are confirmed by the results of experimental
study (see below).
RESULTS
Experiments were performed on freely moving rabbits on models of fee-
ding behavior and defense behavior. We recorded the locomotive activity of
the animals, extracellular spike activity of nerve cells in various brain structu-
res, respiration and electrocardiogram (ECG).
There are many approaches to interpreting the results of studies (G. Jas-
per; recent experiments to evaluate neuronal activity during animal's behavior)
[1, 3, 4, 14]. We believe that these interpretations are related to 2 reasons: (1)
“historical" transfer of the notion that neuronal activity reflects an organism's
reaction to various factors (first microelectrode studies were performed on nar-
cotized animals) [12]; (2) consideration of neuronal activity as activation, inhi-
bition or no change in the discharge frequency per time unit.
However, our studies revealed no difference in the average discharge
frequency for 100 lateral hypothalamic neurons (center of hunger) in fasting
animals and 100 neurons in satiated animals.
Another approach suggests studying a change in interval characteristics of
the pulse activity of neurons. We revealed a similar distribution of modes in
various brain structures of animals (reticular formation; lateral and ventrome-
dial hypothalamus; insular, visual and sensorimotor cortex; hippocampus; glo-
bus pallidus; thalamus; etc.) under a specific motivational state.
Experiments with rabbits after 48 h starvation showed that 34 neurons in
the lateral hypothalamus exhibit activity under conditions of food presentation
before satiation. Study of the interval pattern of neurons in fasting animals
(comparison of histograms) revealed the bi- and trimodal distribution. The du-
ration of dominant intervals corresponded to 5—10, 150 and more than 100
msec. Discharge activity of neurons appeared as groups or trains of pulses [6].
On the one hand, the interval pattern of neurons reflected dominant moti-
vation of hunger in animals. On the other hand, it illustrated “anticipation" of
the future food result [5]. A. I. Shumilina believed that a discrepancy in AAR
without the actual result would lead to the state of strain or negative emotion.
The negative emotion reflects a “negative" result in the system, which is mani-
fested in a specific discharge activity of neurons.
With respect to the architectonics of the functional system for the behavi-
oral act, group or train activity of neurons reflects the existence of dominant
motivation, operation of AAR and negative emotional state.
Further experiments showed that feeding activity of animals is accompa-
nied by a significant change in the interval pattern of neuronal activity. Group
9activity was transited to regular and monotonous activity. The interval histo-
gram was characterized by the unimodal distribution and a variety of dominant
intervals for various cells.
These data indicate that the neuronal activity (regular activity) serves as
an objective criterion for agreement in AAR and positive emotional state when
the animal achieves a specific goal. A principal question arises concerning the
adaptive result (effect) from the viewpoint of a researcher (food intake) or or-
ganism (operating system).
Transition of neurons to regular spike activity follows reverse afferenta-
tion to central neurons (relative to food characteristics) and may be used as an
objective criterion of the positive effect in the system.
Further experiments were performed on freely moving rabbits. We recor-
ded extracellular activity of neurons in various brain structures, including the
reticular formation; lateral and ventromedial hypothalamus; insular, visual, and
sensorimotor cortex; hippocampus; globus pallidus; thalamus; etc. [8].
A study was performed on a model of the conditioned feeding response.
We revealed general principles of the change in the interval pattern of brain
neurons.
When the animals engaged in the feeding activity, the train activity of ne-
urons in various brain regions was shifted to regular activity. These changes in
various brain structures were observed in different periods of time: start of
rabbits' movement to a feedbox (realization of the action program, sensorimo-
tor cortex); appearance of food in an automated feedbox (visual cortex); food
intake (insular cortex); and food transition to the stomach (hypothalamic struc-
tures).
This study indicates that a specific temporal structure of the pattern for
discharge neuronal activity becomes regular during the interaction of reverse
afferentation from receptors responsible for realization of the action program
and reacting to various characteristics of the external object (food). Our expe-
riments and previously published data show that these interactions not only oc-
cur in receptors of the gastrointestinal tract, but also involve the process of cell
metabolism [11].
We analyzed the effectiveness of animal behavioral activity. It was neces-
sary to compare the following terms: (1) “reinforcement" during acquisition of
a conditioned response (I. P. Pavlov); and (2) “result" as a system-forming
factor (P. K. Anokhin).
The model of defense behavior involves unconditioned reinforcement
with electrocutaneous stimulation (ECS). It is difficult to explain this model
from the viewpoint of TFS. Avoidance of ECS is the adaptive result under
these conditions. However, ECS is followed by the formation of this functio-
nal system.
We performed a special series with acquisition and decrement of a condi-
tioned response in rabbits. Acoustic stimulation for 6 seconds served as a con-
ditioned stimulus. Reinforcement suggested electrocutaneous stimulation of the
hind limb with 14 mA for 1.5 sec. Experiments were conducted on awake rab-
bits fixed to a machine by the limbs.
10Study of 82 neurons in the dorsal hippocampus revealed specific changes
in the interval characteristics of individual cells (98% cells) produced by 40
combination exposures to acoustic stimulation and ECS. Besides this, specific
features were found upon a decrement in the response (40 acoustic stimula-
tions) [9].
We studied the baseline activity of neurons in immobilized animals. The
duration of dominant intervals corresponded to 1—50, 150, and more than 100
msec. It reflects the formation of defense motivation [7]. Regular activity ap-
peared 1000—1200 msec after the first 3 exposures to ECS. These findings
are of particular interest since similar changes in the interval characteristics of
neurons occur in fasting animals during food reinforcement. On the one hand,
ECS probably serves as a reinforcing stimulus. On the other hand, ECS is
followed by afferentation to neurons producing the phenomenon of “result"
(criterion of the interval pattern). However, avoidance of ECS is usually consi-
dered as a positive result in TFS. It may be suggested that neurophysiological
mechanisms decreasing the sensitivity to ECS (increase in the threshold, acti-
vation of the opioidergic system, etc.) are triggered in the organism under con-
ditions of unavoidable pain stimulation.
Particular attention was paid to neuronal activity after termination of
ECS. Regular activity is followed by the appearance of trains with the bimodal
distribution of intervals (1—50 and 150 msec). A. I. Shumilina showed that
the animal anticipates pain stimulation even after termination of ECS. No sti-
mulation produces discrepancy and, therefore, increase in the strength of de-
fense motivation [14].
Combination exposure to conditioned stimulation and ECS is followed by
several stages of changes in the interval pattern of hippocampal neurons. In
stage I (5—7 combinations) train activity was observed during conditioned sti-
mulation. It reflected the initial step of conditioned response acquisition and
anticipation of future of ECS (“advance", P. K. Anokhin). Long-lasting regular
activity was revealed after ECS. In stage II (10—14 combinations) regular
activity developed in response to conditioned stimulation and ECS. In stage III
(14—20 combinations) regular activity was revealed before and during conditi-
oned stimulation. The inhibition of spike activity was found after ECS. Under
conditions of follow-up combinations, spike activity was blocked or increased
before ECS. The observed changes are similar to those accompanying automa-
ted forms of behavioral activity in animals [12, 13].
Study of interval characteristics showed that the learning process in ani-
mals is accompanied by a change in the pattern of neuronal activity. It reflects
two principles of TFS: advanced reflection of reality and minimization of
functions (discharge activity of neurons).
Regular activity of neurons is of particular interest. Interval characteristics
of neuronal activity were similar to those observed after the start of individual
ECS and remained unchanged during combination exposure to acoustic stimu-
lation and ECS. We hypothesized that the organism achieves the positive ef-
fect under these conditions, which is related to the activity of internal neuro-
physiological processes of adaptation to electrocutaneous stimulation. The neu-
rons receiving afferentation from pain stimulation, pain conditioned stimulus
11and ECS and operating as a part in the acceptor of action results tend to
exhibit the regular activity. It reflects the achievement of a positive adaptive
effect.
These data indicate that the adaptive effect of systemic behavioral activity
may be associated with the interaction of afferentation from external objects
(exposure) with neurons in the acceptor of actions results.
CONCLUSION
In the present work we tried to advance the notions of “result" in TFS of
P. K. Anokhin. One of these aspects suggests that it is necessary to develop
the theory of P. K. Anokhin. Which changes are observed by a researcher
when studying the activity of animals and humans? What is the result of this
activity? The study should be focused not only on the results of the activity
but also on the processes in the system that occur after the achievement of the-
se “results". This approach allows us to consider previous notions of the action
result and evaluate the useful adaptive effect (interaction of afferentation with
neurons in the acceptor of action results).
These data give an interpretation of the complex social activity of hu-
mans and they solve the problem of hierarchy in functional systems (hierarchy
of results).
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KORISTAN ADAPTACIONI EFEKAT U FUNKCIONALNIM
SISTEMIMA ORGANIZMA KAO FIZIOLOŠKI PROCES
Boris Vasiqeviå Ÿuravqev
Nauåno-istraÿivaåki institut normalne fiziologije imena P. K. Anohina,
Ruska Akademija medicinskih nauka, Moskva, Mokhovaja 4.
Rezime
U radu su izloÿeni fiziološki principi i procesi sa stanovišta teo-
rije funkcionalnih sistema P. K. Anohina.
Na osnovu razvoja tih predstava, a isto tako dobijenih eksperimentalnih
rezultata, predlaÿe se nov pojam o korisnom adaptacionom efektu. Adaptacio-
ni efekat se razmatra kao fiziološki proces koji se odvija u centralnom ner-
vnom sistemu na osnovu pristizawa aferentacija o parametrima spoqašweg
objekta neuronima ukquåenim u strukture aparata akceptora rezultata dejstva.
Izneti su logiåki i eksperimentalni dokazi nove predstave o korisnom
efektu na nivou regulacije krvnog pritiska, ishrambenog ponašawa i socijal-
nog oblika aktivnosti åoveka. Razmotreni su neurofiziološki procesi pri
usmerenoj aktivnosti ÿivotiwa, koji se nalaze u osnovi formirawa korisnog
adaptacionog efekta u sistemu.
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